Russia is just starting to become a circular and green economy. The development of an efficient national waste management system is a prerequisite for the circular economy (CE). Russian companies are already moving toward adopting more circular business models because it is proven to be a sound business strategy. This strategy facilitates access to new markets, drives innovative solutions, and saves production costs. This paper presents a general understanding of the CE concept.
Introduction
In the era of neo-industrialization, sustainable development requires balanced and simultaneous consideration of the economic, environmental, technological, and social aspects of a considered economy, its sector, or individual manufacturing process. It should also consider the interaction between all these aspects [1, 2] . A circular economy (CE) contributes positively to reconcile all the aspects, thanks to its underlying rationale, mainly rooted in the environmental and political aspects [3] , as well as the economic and business aspects [4] . Industry 4.0 offers enormous opportunities enabling the CE in which products are reused, remanufactured, and recycled at the end of their lifecycle. The CE promotes a more appropriate and environmentally sound use of resources to make the economy greener. The CE is characterized by a new business model and innovative employment opportunities [4, 5] , as well as by improved well-being and evident impacts on the equality within and among generations in terms of both resource use and access.
The roots of the circular economy originated toward the end of the 1960s. The idea of this concept was born with the help of several researchers, businesspersons, and innovators [4] [5] [6] [7] [8] [9] [10] . However, it was the 2012 report on the circular economy by the Ellen MacArthur Foundation that gave this concept a real promotional boost [11] .
According to the Ellen MacArthur Foundation, the circular economy is a regenerative economy, which aims to keep materials and products at their highest usefulness. In other words, the CE concept is almost a waste-free production that aims to reduce waste and pollution.
In 2018, the Global Circularity Report announced that only 9% of the world economy was circular [12] . Due to the complexity of the sustainable development vision, most often its implementation needs to be supported by innovation designers and intermediaries. They provide services and designs ushering appropriate radical changes in practices, policies, and decision-making tools [13, 14] .
Many countries adopted the principles of the CE as part of their future strategies. For example, the CE is promoted as a top-down national political objective in China, while, in other areas and countries such as the European Union, Japan, United States of America (USA), and Russia, it is a tool to design bottom-up environmental and waste management policies. It means that a major role in waste management systems belongs not to the government but to the different stakeholders involved in waste management systems such as business companies that generate waste or participate in waste management systems, municipalities managing household waste, and non-governmental organizations (NGOs) offering education, promotion, and support in implementation of CE and waste management practices.
The ultimate purpose of the paper is to evaluate to what extent the waste management as a part of the CE is implemented in Russia by companies in different sectors of the economy and if it can solve the issue of reducing the environmental impact of the business economic system in Russia. The main subject of this paper is waste management implementation practices as the initial stage of implementing the principles of the CE in Russia. The paper provides a brief theoretical overview of the evolution of the CE concept, its origins, and its relationship with the sustainability and growth patterns that until now challenged the present models of economic development. It summarizes the evolution and current state of state regulation in the field of CE in Russia with special attention to waste management; it also evaluates the experience of implementing the waste management approaches by business companies in Russia based on selected case studies and, as a result, offers a list of roles of waste management system stakeholder roles and waste management strategies. Finally, the paper considers the challenges and opportunities for the waste management in Russia. The paper is structured as follows: Section 2 (Materials and Methods) provides details about the methods used for the literature review and the main characteristics of the studies selected for this review. This section also lists the companies chosen for the case study of best available techniques in waste management in Russia. Section 3 (Results and Discussion) focuses on the implementation of the main milestones of the waste management in the Union of Soviet Socialist Republics (USSR) and Russia. It considers the political, legal, and institutional changes, which are implemented through waste management practices and reforms, namely, abandoning old practices and focusing on separate waste collection. This section also considers the opportunities and challenges of the waste management in Russia. A part of this section is aimed at analyzing recycling policies at the national level. The case study focuses on the recycling and reuse programs implemented in companies from different sectors of the Russian economy. The case study allowed determining the roles and responsibilities of stakeholders in a waste management system, so as to offer types of waste management strategies for minimizing long-term environmental damage which can be used for designing waste management practices in Russian companies according to the state regulations. Finally, Section 4 (Conclusions) highlights the key findings of the study and presents some limitations and recommendations for future research, as well as policy implications and recommendations for future improvement of the CE in Russia.
Materials and Methods
This study used a qualitative research method that was deployed in three stages. Stage 1 was a literature review of the concepts, successful factors, and barriers related to the implementation of the CE in the USSR and Russia.
Stage 2 was based on Stage 1 and provided a conceptual framework for integrating and evaluating the evolution of waste management government regulation and control between 1970 and 2019. This stage was based on a review of state laws, state development programs, and initiatives with the focus on goals of waste processing and distribution of roles between waste management system stakeholders. The main purpose of this stage was to extract the information contained in the document, preprocess this information, and then use it to study the problem. Two official electronic databases of public law in Russia, namely, Garant and Consultant Plus, were used for searching, selecting, and analyzing regulatory documents.
Finally, Stage 3 was based on a case study of best available techniques in leading Russian companies to reveal trends in the implementation of the CE and waste management principles introduced by government regulations. The logic behind the case study was to choose the cases that are likely to be replicated or extended as they contain the best practices of waste management performed by companies in the sectors of economy that either are the main waste generators or play specific roles in waste management system [15] . Five companies from different sectors of the Russian economy were chosen for the case study (Table 1) . The combined high-income countries generate 34% of the world's waste, although they only account for 16% of the global population.
Low-income countries collect only about half of the waste generated in cities and one-quarter of the waste generated in rural areas. Furthermore, over 90% of waste is mismanaged by being either burned or openly dumped. In low-income countries, only 4% of waste is recycled. In high-income countries, over one-third of the waste is recovered through recycling and composting [17] . Proper waste management is essential for building sustainable and livable cities, but it remains a challenge for many developing countries and cities. Effective waste management is expensive, often comprising 20-50% of municipal budgets. In low-income countries, waste management accounts for nearly 20% of municipal budgets, on average. In middle-income countries, solid waste management typically accounts for more than 10% of municipal budgets, and it accounts for about 4% in high-income countries.
Costly and complex waste operations must compete for funding with other high-priority needs such as clean water and other utilities, education, and healthcare. Local authorities often administer waste management with limited resources and limited capacity for planning and contract.
In a bid to capitalize on such opportunities, public-and private-sector decision-makers around the world set out policies on the CE (Figure 3 ); however, these policies vary in how they refer to the CE and how they approach it [18] . The CE is about expanding the practice of using waste as a secondary resource. The CE is also about using intelligent design and engineering to enable products to have multiple lifecycles and be reused. Eventually, the CE affects not only waste management policy but also product design standards and extended producer responsibility. (Table 2) , whereby hazard class 1 wastes are the most hazardous and hazard class 5 wastes are considered to be non-hazardous. This classification system is based on a set of parameters that take into account both the impact of wastes on the environment and toxicity parameters, which are significant for assessing the potentially harmful effects of waste on human health. This classification system is somewhat different from those applied in other countries, such as member states of the European Union (EU), where wastes are often simply classified into two groups: "hazardous" or "non-hazardous".
Current Waste Management Situation in Russia
The regulations in Russia permit disposing of some hazard class 3 and all hazard class 4 (with a few exceptions) wastes into municipal solid waste landfills. This is subject to an application and permission procedure, whereby the waste generator must substantiate the approach taken for disposal.
The current practice of waste management in Russia is characterized by a negative impact on the environment and human health, as well as inefficient use of material and energy resources.
According to the Federal Service for Supervision of Natural Resources (Rosprirodnadzor), 5-7 billion tons of waste is generated annually in the country. In 2018, a major part of waste (66%) was attributed to the extraction of fuel and energy minerals (mainly coal enterprises), 22.6% was attributed to mining of metal ores, 1.9% was attributed to metallurgy, 0.6% was attributed to the chemical industry, and 8.9% was attributed to other sectors, including housing and communal services. Municipal solid waste (MSW) makes up 1-2% of all waste (according to Russian State Service of Statistics, 274.4 million m 3 or 0.88% of the total amount of waste generated in Russia in 2017) [19] . More than 90% of waste in Russia is brought to landfills. The country has a total of 1000 municipal solid waste landfills, 15,000 authorized and 17,000 unauthorized landfills, and 13,000 unauthorized waste disposal sites with a total surface of four million hectares. This value annually increases by 300-400 thousand hectares. Moreover, 50-70% of the current infrastructure is obsolete, and many formal collection services do not extend to small towns and villages in Russia [20] . Figure 4 shows the composition of waste disposed of in landfills. This classification system is based on a set of parameters that take into account both the impact 171 of wastes on the environment and toxicity parameters, which are significant for assessing the 172 potentially harmful effects of waste on human health. member states of the European Union (EU), where wastes are often simply classified into two groups:
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Food 34%
Paper 19% Polymers 14%
Glass 12%
Wood 6%
Street waste 6%
Metal 4%
Textile 3% Other 2% Despite a significant fraction of wastes suitable for processing, the level of processing of solid waste in Russia is extremely low. Although a variety of reprocessing and recycling methods for MSW exist, most MSW (~95% in Moscow) is discarded without preliminary sorting in open landfills [22] . Whereas the EU on average recovers approximately 40% of its waste as reusable materials, and 20% as energy, Russia currently recovers only 4% of solid waste in total. Instead, 96% of solid waste is disposed of ( Figure 5 ). 
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1. The negative environmental impacts are soil, air, and water pollution generated by landfills, as well as a negative impact on biodiversity and phytosanitary safety in a local community. The situation is getting worse because there are ownerless waste disposal facilities and objects of past environmental damage present in many regions.
2. The social impacts include decreased life quality for the population of the neighborhoods located nearby landfills due to bad smell and visual impressions, as well as concerns for health, which may lead to migration of people. The growing number of landfills and the growing amount of waste lead to increasing social tension in some regions of Russian Federation.
3. The economic impacts are the occupation of land for landfills, as well as the waste of non-renewable resources.
There are several problems that contribute to the problem of the growing amount of waste in Russia, including insufficient infrastructure and market incentives for waste processing, the lack of economically viable technologies for processing some types of production waste, the lack of waste disposal facilities that meet the requirements of environmental and sanitary legislation, the lack of a civilized market of secondary material resources, the lack of waste sorting culture and infrastructure both in households and in business, and the lack of responsible production and consumption culture with an excessive amount of packaging going to waste, whereby items that could be repaired, recycled, or reused are thrown away to be buried in landfills.
Waste is not only an environmental problem. There is also a problem related to the ability or inability of governments, individuals, and waste disposal firms to keep up with the task of managing waste and protecting the environment. Solutions are possible, but they require political will and substantial investment.
Background of CE in Russia
To assess the situation in Russia, it is important to emphasize that the foundations of the circular model of the economy were already laid out and implemented in the USSR. Some waste types (firstly rags and wastepaper, and then other fractions of municipal solid waste and almost all types of industrial waste) are traditionally considered as secondary resources, and not as environmental pollutants. From the birth of the Soviet Union in the 1920s until its collapse in 1991, a positive trend continued to involve waste in a further production cycle [24] . Five groups of recyclable materials for the national economy were formed: wastepaper, polymeric materials, tires, textiles, and broken glass. Accordingly, the state policy and legislation in this area were formed. The instrument of state policy was standardization, which influenced the product design: its long lifecycle and stable quality. Unification in the industry created the conditions under which the transition to re-production could be carried out today. In the Soviet Union, the centralized state planning and rationing of the level of collection and processing of the most important types of secondary raw materials with the help of state and sectoral programs on secondary material resources were widely used.
In the Soviet Union, households and companies actively collected wastepaper, glass, and scrap metal, because a dedicated production infrastructure was created for the collection and industrial processing of the main types of secondary raw materials throughout the country. The Soviet government developed large-scale recycling programs during the 1970s. During the 1980s, almost 30% of all paper used and around 45% of all glass bottles were recycled [25] . Furthermore, consumers routinely visited glass recycling centers to return glass bottles. Since 1986, a General Provision was introduced that "the organization responsible for the development of new materials or products must simultaneously develop a technology for their reuse or recycling after the end of their service life or operation, providing for the creation of appropriate facilities at the same time as the creation of facilities for the production of materials or products". Thus, back in the 1980s, the Soviet Union introduced the elements of extended producer responsibility 10-20 years before it was done in Europe. Thus, in the Soviet Union, a quite efficient and robust central waste management system was built even earlier than in many European countries. Its operation was possible only under conditions of a planned economy, although some approaches were quite successful and could be adopted for the CE concept for the EU and Russia.
During the 1990s, as the Soviet Union collapsed, most of its social programs, including recycling, also collapsed. As subsidies and official support were withdrawn, the Russian system of collecting scrap metal, wastepaper, recycled textile, and glass was abolished.
Reforming Waste Management in Russia
Post-Soviet Russia faced difficulty in developing a strong, consistent legislative framework for reforming its waste management. The reform of waste management was performed in three stages.
The first stage of waste management reform took place in 1996 and 2000 as a federal target program "Waste" [26] , one of the tasks of which was "to create a regulatory and technological framework for the implementation of a unified state policy in the field of waste management at all levels of management". It was assumed that up to 80% of the costs for the implementation of the program would be covered by budget funds, and the remaining 20% would be provided with profit from the sale of secondary raw materials. However, insufficient support was provided to the reform, and its goals were not achieved.
In 1998, the law 89-FZ "on production and consumption waste" [27] was adopted with the purpose to bring the solid waste management practices into the legal space. Waste disposal registers were created. They contained information about all legal places of waste storage.
In 2004, the second stage of the reform started employing a different approach, delegating responsibility for solid waste management to the municipal level. This was a part of a general reform to encourage localities to resolve their own problems. However, for MSW and other issues, municipalities generally lacked the financial resources, experience, and investment opportunities to create the infrastructure needed to resolve the issues at hand. Moreover, in 2008, compulsory licensing was abolished, with the exception of hazardous class waste management.
As a result, between 2000 and 2014, disposal into Russian landfills nearly doubled, from 151.2 million to 284.3 million cubic meters.
From 2010 to 2014, a package of amendments to FZ-89 was developed. The law introduced the concepts of processing (sorting) and processing for recycling and creating infrastructure for this. In 2016, the licensing of any activity related to the collection and processing of waste was introduced, as well as the concept of extended producer responsibility (EPR), i.e., companies that produce packaged goods should independently engage in processing or should pay an environmental fee to the state budget.
In 2019, the key point of the reform-the transition to a new system of handling MSW-came into force. According to the law N 503-FZ "on modification of the Federal law 'on production and consumption waste' [28] and separate legal acts of the Russian Federation", in all regions of the country, except Moscow and St. Petersburg (they were given a delay until 2022), regional operators earned the right to control all methods of waste management from a garbage tank to the range or plant on processing. Of great importance is the digitalization of the process; there are territorial schemes of waste management-electronic maps, which marked all the official container sites and infrastructure facilities-landfills, marshaling yards, and processing plants. Control over the export of waste moved to an electronic platform; waste disposal vehicles are to be equipped with trackers with the GLONASS system, garbage is to be weighed at the sorting and landfills, and contracts and payment for them are made electronically.
The new waste management concept, according to the main instructions of the President of Russia to the Russian Government, includes the following:
•
MSW management based on a closed-cycle economy; • Stimulate production from secondary material resources; • Implement a separate collection of MSW;
Create a unified state information system for waste accounting; • Education of the public for ecological awareness ( Figure 6 ). 
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The evolution shows the changing role of all stakeholders: government, business, households, and municipal administration. It may seem that waste management is downshifted to the municipal level leaving federal authorities behind. However, we can see that the reform strengthens the role of all stakeholders identifying their place in the regional waste management ecosystem. The new stage should bring new funding rules with the decentralization of investment decisions and funds necessary to develop local infrastructure. The municipal facilities define the vital activity of a city or a town. To ensure it, socio-economic development plans are elaborated. The environmental safety of the territory, including the sphere of collection, removal, and disposal of municipal solid waste, is an integral part of the socio-economic development of a city. The city has to have a system that allows tracking the overall condition of waste collection, as well as transport and disposal systems, and it should constructively respond to changes and threats, providing friendly and comfortable accommodation facilities [30] [31] [32] . Currently, "green" initiatives and pilot projects of the CE are developing in Russia with state support. The best results were achieved at the level of big businesses and state corporations where the production process covers the entire value chain. A new environmental safety instrument for larger installations, namely, integrated environmental permits (IEP), based on best available techniques (BAT), was introduced in Russia at the beginning of 2015. Similar to the EU experience, Russia is planning to develop a large number (47) of reference books (BREFs) on best available techniques. In Russia, these documents form an integral part of the national standardization system. They are being formed by Sectoral Technical Groups of the National BAT Bureau functioning under the Federal Agency for Technical Regulation and Metrology (Rosstandard). By 2021, all Russian enterprises should switch to BAT.
The government can provide critical support for the CE initiatives and innovative business models including support for research, enabling demonstration programs, and providing economic incentives for pilots and start-ups (for example, through preferential lease and business tax rates).
If Russia optimizes its MSW management policy and implements modern technologies, it could fully shift toward an environmentally friendly MSW management system and be able to recover up to 45% of waste by 2025. As a result, more than 200 million tons of MSW will be recovered to raw materials and energy instead of landfilling by 2025 [33] .
Best Available Techniques: A Case Study of Leading Russian Companies
As a result of monitoring how Russian enterprises implement the CE and WMS practices, we identified five organizations from different sectors of economy including the main waste generators: energy resources mining and metallurgy companies, as well as two service sector companies-one large and one small. The case selection allowed us to demonstrate the typical strategies of Russian companies implementing the CE concept and WMS. This analysis allowed solving the following tasks:
• Identify stakeholders and describe the roles they can play in the waste management system; •
Define the main criteria of the strategy selection and study the specific features of WMS implemented in different organizations; • Determine the basic WMS business strategies; • Substantiate general approaches to the choice of WMS business strategies.
1. Public Joint Stock Company (PJSC) SIBUR is the largest vertically integrated petrochemical company in Russia. The main strategic objective of PJSC SIBUR is to reduce the negative environmental impact of its production.
PJSC SIBUR implements its model "green wings", which introduces the 3R principles (reduce, reuse, recycle) throughout the value chain-from production to waste processing (Figure 7 ) [34] .
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The company's green goals include deep processing of associated petroleum gas and fatty 363 fractions of natural gas instead of non-environmental combustion, which prevents the emission of seven million tons of pollutants annually, as well as the use of advanced environmentally friendly The company's green goals include deep processing of associated petroleum gas and fatty fractions of natural gas instead of non-environmental combustion, which prevents the emission of seven million tons of pollutants annually, as well as the use of advanced environmentally friendly technologies at all stages of value creation and commitment to the principles of environmental responsibility, the growth of petrochemical product output because it is more environmentally friendly compared to similar materials in terms of lifecycle, and the promotion of the CE principles and recycling of polymer materials through the collection and recycling of plastic bottles. PJSC SIBUR, together with Wilson, presented the first eco-friendly basketball, the production of which was done using plastic from recycled bottles. It became the official ball of the VTB bank United League championship in the new season.
Along with the implementation of 3R technologies in the value creation chain, PJSC SIBUR actively supports Russia's transition to the CE principles through the following initiatives: PJSC SIBUR pays special attention to the projects aimed at raising environmental consciousness and environmental responsibility of children and young people, such as lectures on the circular economy for students, a joint project of PJSC SIBUR and the Tobolsk complex scientific station (TCNS) "ECOTRAIL SIBUR", popular science films for the major Russian TV channels, a project to develop a mobile application about the circular economy (together with students of the gymnasium of the Moscow State University), research projects in the field of green flame retardants, and a clean hexamer.
The case study revealed that PJSC SIBUR sees its role as a generator of eco-friendly products that help to reduce waste from other industries, as well as recycle its own waste and introduce eco-friendly process flows. However, it also takes on the responsibility of education and promotion of CE principles and approaches, investment in relevant infrastructure, and involvement in public and sectoral initiatives in the field of CE. PJSC SIBUR follows three out of five priorities of "strategy for development of industry for sorting, recycling and treatment of waste for the period until 2030" ( Figure 5 )-recycle waste, reduce waste, and reduce raw resources use.
2. Global energy company PJSC Gazprom also declared its commitment to the principles of sustainable development and environmentally oriented development of the oil and gas industry. PJSC Gazprom seeks to reduce the amount of waste generated in production processes and their negative impact on the environment by introducing new technologies or modernizing equipment in all areas of activity-production, transport, and especially in oil refining.
In 2016, PJSC Gazprom developed a drilling waste management concept to reduce environmental risks and construction costs. The concept takes into account the infrastructure of the fields developed, existing technologies for neutralization and disposal of drilling waste, technical and economic indicators, methods of construction of wells (granary and pitless drilling), injection of waste into the reservoir, and remote deposits.
During 2017, Gazprom Group put into operation 29 waste disposal and recycling facilities with a capacity of 9.28 thousand tons/year. Four landfills for utilization, neutralization, and disposal of industrial, household, and other waste with a capacity of 2.19 thousand tons/year were put into operation.
In 2017, PJSC Gazprom became, for the sixth time, the best Russian energy company in the field of corporate climate reporting and strategies to reduce greenhouse gas emissions in the ranking of the international Carbon Disclosure Project. PJSC Gazprom supports and improves the corporate environmental management system based on the requirements of the ISO 14001 standard. It also conducts industrial environmental control and monitoring, as well as assesses the environmental impacts [35] .
PJSC Gazprom is focused on two priorities of "strategy for development of industry for sorting, recycling and treatment of waste for the period until 2030" (Figure 5 )-reduce waste and reduce raw resources use through re-equipment and modernization.
3. Russian Railways (RZD Holding) applies "green solutions" and eco-logistics in the following areas: air protection, noise protection, use and protection of water resources, waste management, and equipment revamping. In the report of the International Energy Agency "The Future of Railways" (New Delhi, January 2019), Russian Railways are recognized as the most energy-efficient railway company in the world, taking into account the energy consumption per ton-kilometer of freight traffic [36] .
An important area of RZD Holding is production waste management. Broken rubble is used for manufacturing of asphalt in cooperation with the Russian Highways State Company (Avtodor); worn concrete sleepers are destroyed with special equipment, whereby the chips can be reused in the construction works. Wooden sleepers are used as fuel, for example, for municipal boiler-houses. Also, RZD Holding, together with United Nations Industrial Development Organization (UNIDO), is implementing a project on the destruction of oils and equipment containing persistent organic pollutants, as well as on the purification of transformer oils in operating transformers, and the elimination of equipment containing polymer bonded explosivesat the expense of the global environment facility with the co-financing of RZD Holding. This project is a pilot in Russia in the framework of the Stockholm Convention. Its results will be disseminated for other industries.
Since 2014, RZD Holding implemented a project on separate waste collection in the company's office buildings, administrative and domestic premises, and railway stations throughout the Russian Federation.
RZD Holding is a member of the commission for environmental culture and education of the federal environmental council under the Ministry of Natural Resources of Russia. It actively participates in the activities of the commission for environmental education of children and youth, and promotion of respect for nature.
In 2019, RZD Holding placed "green" Eurobonds to finance projects to protect the environment, for €500 million, with a coupon rate of 2.2% and a maturity of eight years [37] . The organizers of the placement are J. P. Morgan, Unicredit, and VTB capital.
In Russia, such securities are still rare; a similar issue was placed in December 2018 by the company "KhMAO (Khanty-Mansy Autonmous Okrug) resource saving". It attracted 1.1 billion rubles for the creation of a landfill for the placement and treatment of solid municipal waste in the Khanty-Mansiysk region [38] .
The case study revealed that RZD Holding, due to the specifics of its operations, is focused mostly on waste recycling and decreasing pollution, but the company also takes on the responsibility of assisting in the penetration of waste sorting practices in different regions, as well as participating in promotional and educational initiatives. 4. Evraz is an international vertically integrated metallurgical and mining company with assets in the Russian Federation, USA, Canada, Czech Republic, Italy, and Kazakhstan. It is one of the largest steel producers in the world. Evraz's activities inevitably involve the generation of waste such as waste rock, waste ore, and dumps left over from the processing of ore and enriched products. The company's ultimate goal is to reduce the amount of waste they produce and manage it efficiently and safely. To minimize the amount of waste, the company improves technological processes and improves the quality of products. They also reuse some types of waste in future activities, such as steel production, land restoration, road or dam construction, and for heating. Waste not used in current activities is safely stored and further involved in production.
Evraz as a waste generator seeks to comply with two priorities of "strategy for development of industry for sorting, recycling and treatment of waste for the period until 2030" (Figure 5 )-reduce waste and reduce raw resources use through re-use of waste.
The limitations of the CE approach of Evraz is that it involves only non-mining waste. In line with Evraz's five-year Environment policy goals, the company will recycle 95% of its waste every year, excluding mining waste and by-products. In 2018, the recycling rate was 111.3%, as waste from old landfills was recycled. However, as a result of this, Evraz enterprises lost the opportunity to reuse the recyclable waste stored there. Processing of previously placed metallurgical slag and materials allows Evraz to keep the recycling rate above 100%.
The group uses non-hazardous mining waste to restore land and build dams and roads; in 2018, 26.7% (62 million tons) of waste was, thus, reused [39].
5. At the level of medium-sized businesses, one of the greatest successes in implementing the CE ideas belongs to the company OPTICOM Ltd., working in the segment of consumables and household goods for business. The company is focused on creating a closed cycle of production, consumption, processing, and reuse of its products. OPTICOM Ltd. analyzes the product lifecycle and selects options with a minimal environmental footprint, taking into account indicators such as greenhouse gas emissions, depletion of non-renewable natural resources, etc.
In order to promote the value of eco-friendly cleaning products, the "academy of green cleaning" was established by OPTICOM Ltd. OPTICOM Ltd. developed an environmental safety standard for retailers based on lifecycle analysis (resource consumption, waste management, use of safe chemicals, green procurement, etc.), together with the non-profit partnership "Environmental Union" [40] . Currently, the company OPTICOM Ltd. is implementing the project "re-paper cycling", which can be attended by any company that signed a contract for the supply of consumables and household goods, including environmentally friendly goods. The project is based on the principle of reverse logistics when a customer returns wastepaper to the supplier with the same transport delivering orders to the customer. Thus, the export of waste does not result in additional fuel consumption and, as a consequence, the "extra" emissions of greenhouse gases [41] .
The important feature of all cases is that even large companies are building partnerships in order to improve waste management practices through pooling resources and the expertise of partners, exchanging best practices and influencing a larger audience. It shows that every economic agent can play several but not all roles in the waste management system, and they can seek to join efforts with other business companies, government bodies, small businesses, and NGOs. The latter play an important role in creating social support for the CE initiatives, although their efforts may still seem disintegrated and often small-scale. A number of projects based on the principles of social entrepreneurship were implemented recently, such as projects "Thank You!" in St. Petersburg, "the Charity Shop" in Moscow, and "Re-Clothes Cycling" in Chelyabinsk. The common goal of these projects is to turn good but unwanted things into a useful resource for other people. People bring clothes and other things to the special collection spots. Some of the clothing is donated to charity, some of the clothing is sold, and unusable clothing is recycled or disposed of. The net profit of organizations is used to finance social projects and support charitable organizations.
To build partnerships in the field of CE principle implementation, business companies establish associations. Association "clean country" is the country's largest industry association of regional operators in the field of waste management, involving equipment manufacturers, investment companies, and experts. The members of the association are the largest investors who create the infrastructure of the waste management sphere almost from scratch (90% of the market). They build modern complexes under concession agreements and investment agreements. The main objective of the association "clean country" is to stimulate the development of the industry of treatment of solid waste and ensure the protection of the interests of members [42] .
In 2019, in Russia, a new nonprofit organization emerged called Association Ruspro, which promotes the development of a circular economy in Russia and creates a national culture of separate waste collection. Members of the association are manufacturers and importers. The association already found potential partners for the organization of a separate waste collection system and signed contracts with processors; now there are 11, but in the future their number will increase to 20. The association includes AB InBev Efes, Coca-Cola HBC Russia, Danone, Nestlé, PepsiCo, Tetra Pak, and Unilever. Members of the association process more than 211 thousand tons of waste per year. Within the framework of the agreement between Ruspro association and the clean country association, the parties agreed on cooperation in the field of waste management, involving the introduction of best practices and technologies, consulting and methodological assistance, etc.
In addition to the main activities of the associations, they carry out information and educational activities to raise awareness of individuals and legal entities about the importance of waste disposal, as well as increase the level of social and environmental responsibility of individuals and legal entities in the treatment of waste, in addition to the formation of a culture of separate collection and disposal of waste [43] .
The case study allowed us to complement the roles of waste management system stakeholders identified in the research studies of Kurian (2006) , Heidrich, Harvey, and Tollin (2008) , and Isa, Asaari, and (2006) [44] [45] [46] . Traditionally, researchers identify stakeholders and describe the roles they can play in the waste management system. We propose to identify the roles existing in the WMS so that each person or company can identify and further develop its roles, as shown in Table 4 .
The list of roles can be further complemented with the further development of WMS. Every person/company is a part of WMS and performs at least one role, although most of the industry companies can take up to eight roles. WMS can be effective if all the roles are identified and distributed, whereby every stakeholder understands and takes on the relevant responsibility, which can be achieved only through a combination of obligatory and voluntary actions. There is no customer role in the system because all persons, as well as the future generations, are customers of sanitation improvement, decreasing the loss of resources, as well as contributing to cleaner air, water, and soil, a decrease in disease rate, and other improvements in the quality of life.
The composition of roles taken on by a specific company is the heart of its waste management strategy. It defines the scope of its responsibility and processes to be included in corporate WMS.
PJSC SIBUR, PJSC Gazprom, and RZD Holding follow the strategy of G/C/T/PS/E, which means they take on the roles of the generator, collector, transporter, processor, and educator. "OPTICOM" follows the strategy PR/C/T/PS/E, which means it takes on the roles of producer, collector, transporter, processor, and educator. "Re-Clothes Cycling" follows the strategy C/PM, which means it takes on the roles of collector and promoter.
Corporate WMS consists of the firm's position vis-à-vis the environment and defines the firm's relationship with nature. It describes strategies for the use of resources and waste management and acceptable environmental impacts of the company's activities. Waste management strategies try to minimize long-term environmental damages by managing the company's inputs, throughput, and outputs. Just as the corporate "total quality management" demands attention to each stage of the design and production process, a "total waste management" perspective can optimize the performance of the total system (Table 5 ). Table 4 . The roles and responsibilities of waste management system (WMS) stakeholders.
WMS Stakeholder Role Responsibility Assigned to the Role

Producer (PR)
A company that produces products that will become solid waste at the end of the lifecycle. The best example is companies that produce packaging or home electronics. The responsibility of the producer is to decrease the environmental impact of the product through different actions like the usage of biodegradable materials or recycled materials or materials that could be recycled, increasing the degree of product recyclability, product service time extension, etc.
Generator (G)
Any person or a company producing waste. The industrial generator's responsibility includes decreasing the amount of waste, collecting and sorting waste, handling waste processing, and/or recycling/reuse of waste. The household generator's responsibilities include decreasing the amount of waste, collecting and sorting waste, and reusing waste.
Collector (C)
A company or a person that collects the waste generated by other persons or companies. Examples are street sweepers in the city or voluntary services cleaning the forests or river banks. The responsibility of the collector is to sort waste and bring it to the official disposal site without burning or burying. Case studies show evidence of high importance of this role in developing countries [47, 48] .
Transporter (T)
A company that transports waste from the official or non-official disposal sites to the disposer or processor companies. The responsibility of the transporter is to keep the waste sorted in the way it was sorted before the transportation and also to prevent secondary pollution due to the intended or unintended loss of waste.
Disposer (D)
A company that accumulates and stores the waste before its processing or without intention to process. Landfills perform the role of the disposer. The responsibility of the disposer is to prevent environmental impact in the process of waste storage. It can also include waste sorting (segregating) or keeping the waste sorted in the way it was done by the collector or the generator.
Processor (PS)
A company that processes waste, including recycling. The responsibility of the processor is to increase the level of processing to decrease the amount of waste left after processing, to use technologies with low environmental impact, and to improve the quality of the recycled products.
Educator (E)
A person or a company (including non-governmental organizations (NGOs) and media) that teaches waste management tools, principles, and practices to any stakeholders. The responsibility of the educator is to use up-to-date information and relevant training tools to improve the knowledge and skills of stakeholders to be used in WMS.
Promoter (PM)
A person or a company (including NGO and media) that promotes the ideas of waste management, shares best practices, involves new participants in WSM, and organizes contests or actions in support of WMS. The responsibility of the promoter is to disclose the up-to-date and true information on WMS, granting full access for everybody to the actions or campaigns without discrimination. The promoter does not use the promotion to garner unfair competition.
Regulator (R)
Government or municipal body that produces a strategy of WMS development and relevant legislation for all WMS stakeholders. It can also be a company developing and introducing sectoral standards in waste management. The responsibility of the regulators is to focus on positive environmental, social and economic effects of legislation, create incentives for all stakeholders to take on their responsibilities, provide necessary resources to support legislation, monitor its results, and continuously improve legislation in accordance with changing situation.
Inspector (I)
A government or municipal body, NGO, or a private sector company making sure that WMS processes are performed according to the legislation, contract terms, and funding rules. Inspectors may or may not perform punitive functions. The responsibility of an inspector is to focus inspection on environmental, social, and economic effects, to not engage in corrupt and unfair inspecting practices, to seek assistance in WMS development, and to provide transparency and accuracy of inspection results.
Funder (F)
A company or a person providing funds to support WMS development, including infrastructure development, education, and promotion actions. It could be an ordinary funder when no other role is performed or an active funder when a company or a person invests funds, as well as performs another role. The responsibility of a funder is to ensure that funds are efficiently used according to the intended purpose, to not engage corrupt and unfair practices in allocating funds, and to measure the efficiency of the funds used for WMS development purposes. -Waste reduction -Decreasing the amount of waste left after processing -Promoting the ideas of waste management, sharing the best practices -Implementation of ecological certification programs -Disclosing the up-to-date and important information on WMS -Product lifecycle (cradle-to-grave) system development -Recognition of enterprise importance in the flow of goods, raw materials, and energy State supportive measures -State environmental control, the establishment of effective standards, taking into account the real technological and financial possibilities, taking into account industry production parameters (for specific industries and agriculture) -Timely informing of a possible tightening of environmental regulations, strict enforcement measures -Legislative increase of responsibility of top managers and enterprises -Requirements for integration into the regional waste management system -Mandatory provision of environmentally relevant information to the public -Development of incentive programs for energy conservation.
-Discussion and adoption of initiatives in the field of health, environmental safety, and sustainable development at the international level as priorities in relation to the system of free exchange of goods -Strategies for managing and optimizing of the flow of goods, raw materials, and waste WMS business strategies seek to eliminate emissions, effluents, and waste reduction. Passive WMS shows that organizations abide by the existing environmental laws, standards, and regulations. The active WMS strategy is focused on the fact that the contradictions between the economy and environmental protection are resolved, and environmental imperatives are considered as an opportunity to change the product or technology, to improve the level of competence of personnel, etc. The choice of the type of WMS strategy is mainly related to the willingness of the company to make organizational changes and the willingness to resolve the contradiction between environmental and economic interests.
Conclusions
The investigation of the history of state regulation of waste management in Russia allowed us to identify four stages of its development between 1970 and 2019. Although the traditions of waste collection and processing rooted in the Soviet practices are rather strong in Russia in both industry and household practices, the crisis of the 1990s disrupted not only the technologies but also the culture of waste collection and processing. The reforms in this field started in 2004 and brought the concept of recycling instead of landfilling into regulatory space as a result of several stages of the reform.
The new stage of waste management development in Russia introduces ideas of responsible production and consumption, where the best approach to reduce waste is to consume less with higher efficiency. Circular economy in Russia is being developed in three major areas: (1) management of existing landfills and dumpsites; (2) optimization of MSW systems for future waste, specifically at the stage of collection, in order to increase waste recovery; (3) adoption of cleaner production patterns at the company level with the use of renewable technologies and materials (wherever possible); (4) introducing circular economy education at school and university levels.
The decentralized waste management ecosystem is under construction. In this ecosystem, all stakeholders share the responsibility for collecting, processing, and recycling solid waste. Stakeholders are the federal government, municipal administrations, households, businesses, and new stakeholders-regional operators and eco-industrial parks. The government offers regulation, infrastructure development funding, and financial incentives for other stakeholders. Municipal administration is in charge of waste management in local communities. Businesses are in charge of collecting and processing solid waste and promoting recycling practices. Households are in charge of separate waste collection. Regional operators are in charge of controlling all methods of waste management from a garbage tank to the range or plant on processing. Eco-industrial parks will be created to support green start-up following the 3R principles. As indicated in Reference [49] , the new approach could reduce or remove the negative externalities that bad waste management entails, as well as create a new and more sustainable production model that can serve as a reference in all productive sectors of the Russian economy.
A key to successful implementation is the acceptance of the policy and the participation of the public. The policy process, therefore, needs to be transparent, and public participation needs to be organized and supported by information, consultation, and educational activities.
Consequently, we see this as the beginning of recycling regulation development in Russia. Only time will reveal the workability and effectiveness of the 2014 waste management law and a new 2019 system of handling MSW. 
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